: . E—
GEM-1940

INSTALLATION INSTRUCTIONS :

1C7160 LIMITAMP® CONTROLLERS

WITH AIR-BREAK CONTACTOR
AND 30-INCH-DEEP PANEL N

2300, 4000, and 4600 Volts, A-c (Utilization Voltage) .
2400, 4160, and 4800 Volts, A-c (Distribution Voltage)

ERNNET Wy AT + + tadaraisc R v St 1t e Y,

*Registered Trade-mark of G i Electric C

e o e b ! L BT

i
P
rm
o
ae]
o -
e




A ) . RS

N '3

. 3
. 3
3

" INSTALLING FLOOR SILLS . . . .. .. .:s. .o .- SRS
LEVELING THE PANEL . . .. ... i ’ 8
WIEE AND CABLE ENTRANCE . .. .. . 8
Removal of Contactor . . . . - . - - 10
POWER CABLE TERMINATION . . . . . . 13
Termination of Lead-covered Cable . . e . 14 ’

o Pothead-cable Terminations . . . . ... ... e e e e . - 15
o3 Teulnetins of Slew-ohishing, Nonelcagwzoversd N 15
Termination of Interlocked-armor Cable . ... . ... 15
Termination of Shielded Cable . . . ... . . . . ... . 17
Termination of Cable Through Window-type Current Transiormers . . 18
PREPARATION OF PANEL FOR OPERATION . . ... . .. .. . ‘*.‘5‘-'." ... 19
RENEWAL PARTS ... .. .« ¢ e e e s et e e e e e 19

These instructions do not purport fo cover all detcils or variations in-equipment nor to provide for every possible
contingency fo be met in connection with installation, operation or maintenance. Should further information be desired
or should particular problems arise which are not covered sufficiently for the purchaser’s purposes, the maiter should
bo referred o the Generdl Electric Company.




@

o

CINSTALLATION OF
_1C7160 LIMITAMP CONTROLLERS

WITH AIR-BREAK CONTACTOR AND 30-INCH DEEP PANEL

2300, 4000, and 4800 Volts, A-c (I;l!ilizuti‘qgi(,\!olm) 7

2400, 4160, and 4800 Volts, A-c (Distribution Voliage) - .

L ODUCTION "

This publication is prepared as a guide to han-

- @4az and making electrical connectionsto Limitamp

control panels. For application and maintenance
information, refer to instruction book GEH-1938.

KM CHIVING

Limitamp control equip;ment isinstalledina figid,

- floor -muunted enclosure which has afront and rear
" floor sill and alifting beam. The panels are crated -

and_shiy sed in an upright position and, when re-
finish.

ceived, hould be kept upright, unless high-voltage
contactor s are removed and other contactors blocked
closed. : :

-

_ 1Le powér fuses;-high-voltage— coffactor arc
ck*os and motor field resistors are boxed or shipped

scparately. Componentsare identified by thecatalog -
.tanbor-of the panel for -which they-are intended. .
* ¥Care shouldie cuueeic GENMMIMIING W@l
make certainthat o smal¥-parts-are thrown away -

.with the packing material &= < Sme.rrl =

.~ A Limitamp lineup of three_or more panels, as
crated for domestic shipment, i8 shown in Fig. 1.
One or two Limitamp controllers are normaily crated
in corrugatédicirdboard; as shown in Fig. 2. After

. the pahel is received, the crating may be removed

and the panel, as shown in Fig. 3, handled on the
shipping Skids.
.S 5T
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HANDLING °

It is always preferable to handle any Limitamp
controller by its lifting beam. Figure 4 shows the
recommended method of lifting a single panel while
Fig. 5 shows the recommended method of lifting a
lineup.

U 5% APy

Note that the lineup in Fig. 5 is suspended from
an equalizing bar. A lineup should be supported at
as many points as possible. If there is not enough
headroom to lift the panel by its lifting beam, then
track jacks, as shown in Fig. 6 and 7, may be used.

. Figure 6 shows how & Limitamp Llireup may be
_raised by placing a traek jack under the sh.ipping’: ,
skid, and how roliers cam then be placed under the .

skid for rolling:the eguipment to its final location.

The panel should then be raised by its lifting beam, -
. the shipping skid remowed, and the panel set into -

p_{qce. o E

On a'single,:mal,'tra&j;éﬁé' may be used either’

‘ander the ends-of the flor sills or on angles bolted- -
to both sides of the enclasure. The panel may then:

be jacked or blockedup by these angles (see Fig. 7).
Paper placed between the angle and the side of the

enclosure will heipprevent damage tothe enclosure -

) The use of fork-iift txxicka is not recommended.
" gince the forks may damage the enclogure cr interior -
if no other method of han-
dling is availabie, the forks mustgo under the floor

parts of the equipment.
sills to avoid damaging the equipment.. "

. - 4QCCEUSIBILITY TO: PANEL INTERIOR

.. During and after the handling operation it will be .
:imecessary to open panel doors.. While the doors to
low-voliage. control compartments are readily ac-

~ cessible and not mechanically interlocked, the doors

to compartments containing high-voltage components
connected to the load side of the panel isolating switch
are mechanically interlocked with the operating
mechanism of the isolating switch. A control-power
interlock for removing load fromthe isolating switch
is also mechanically interlocked with the isolating
switch and must be operated before the switch can
be operated. The control-power interiock islocated
on the right-hand sidewall of the center (control)
compartment (see Fig. 8). A special nameplate on
the door of the isclating switch compartment (see
Fig. 9) provides instructions for opening the isolat-
ing awitch and doors.

The procedure to follow for operatingthe control-
power interlock and dooxr interlocking system is as
follows:

1. To open the isolating switch and all compart-
ment doors: .

W
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Limitamp linevp crated for domestic shipment

Fig. 1.

Limitamp linerwwp mounted on shipping skids

Fig. 3.

Limitamp controller crated in
corrugated cardboard

Fig. 2.
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Fig. 5. Recommemdad .method of lifting a limitamp
fineup. Note that the %neup is ‘suspended from an

sguuolizing bor
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Fig. 6. Shipping skid raised by track jock allows room  Fig. 7. A single pamel moy be jacked or blocked up

for rollers under the skid by ottaching angles to the sides of the enclosure
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Fig. 8. View of Limitamp controller showing location -

of principal components

a. Open all contactors connected toload side of
this switch by operating the stop buiton.or other con-
trol device provided for this purpose.

b. Open the centerdoor and move the operating
handle of the control-power interlock (inside center
compartment on right sidewall) to the "Open'* po-
gition.

- .¢c. Shut the center compartment door.

* d. Turn the switch handle to the "Switch Open"
position and operate the thumb-latch.

e. High-voltage compartment doors mechani-
cally interlocked with this switch are now unlocked.

2. To close the isolating switch and energize the
starter:

a. Shut all doors. (A "Door-Forgetter" mech-
anism necessitates that all doors to compartments
having high-voltage components connected tothe load
side of the swiich be closed before the isolating
switch is closed.)

]

Thumb-latch

isolating
switch
handie

Switch ond
1 interlocking
‘3 instruction
! nomeplote

Floor. silis-

SRR e b o

Fig. 9. View showing ffull-voltage Limitamp controller

b. Operate the thunﬂh;latc,h and turn the switch
handle ta the "Switch €losed” position. - 5

¢. Openthe center door and move the operating
handle onthe control -power interlock to the ""Closed'"
position.

d. Shut the center-door.

e. Operate the starrter in the normal manner.

The thumb:lateh (®ig. 9) holds the door of the

isolating switch compawtment closed after the switch-

handle has been thrown to the open position. This
thumb-latch must be iin the closed position before
the isolating switch cam be closed.

Key locks are furniéshed only for doors to high-
voltage compartments iin which components are con-
nected tothe line side off the isolating switch and thus
not isolated when the sawitch is open. ONLY COM-
PETENT PERSONNEL. SHOULD BE AUTHORIZED
TO OPERATE SUCH E/OCKS. Key locks may be
furnished for alt panel dloors if sodesired, Thekeys
for these locks are tiedi to the controller.

)

)

‘)
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Kirk locks are often ardered for interlocking with
various components such as other switches, feeder
breaker, etc. These locks must be operated either
Pefore the doors of their respective compartments
can be opened or before additional functional se-
quences can be performed.. The keys are tied to the
locks and identified by the lock serial number. Refer
to diagrams {furnished with the equipment) for the
locking sequence.

INSTALLING FLOOR SILLS

It is essential that the panel be securely fastened
in a true upright position on a level surface to per-
mit proper operation of the devices mounted on the
panel. This means that the foundation for the floor
sills should be carefully prepared.

The floor sills, front and rear, used for Limitamp
equipment are shown in Fig. 10.

e Tm g mgemm— meme s

There are severalpssible methods of installing
the floor sills; the mostfrequently used are described
below. (The first twe methods are recommended
because they eali-for gmouting the floor sills. This,
wiil leave the roll-out ematactor tracks at floor level
and no special inclinedplane will be required for re-
moving the tontactor from the panel.)

It is recommended that on all installations 1/2-
inch mounting bolts be grouted into the floor in the
proper location for fasieming the panel, and then that
one of the following methods be used for installing
the floor sills.

1. If the concrete 18 to be poured before the panel
is installed, a dummyset of floor sills of the proper
size and length can bewsed. The dummy sills can
be made of wood and should be set inplace, together
with the 1/2-inch anchor bolts, before the concrete
ispoured. They may thenbe reptaced with the actual
sills after the panel is received.

7 .
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If desired, 1 3/4- x 4-inch channels may be
grouted into the floor in place of the dummy sills.
The floor sills on the panel may then be removed
whenthe equipment is received, and the panel bolted
directly to the grouted-in channel. See Fig. 10 for
floor sill layouts.

Care should be exercised when handling several
panels in a lineup after the floor sills have been re-
moved since the panels maythen sag and distort the
structural members.

2. If the concrete is to be poured at the time the
panel is installed, grout the 1/2-inch anchor bolts
intothe sub-floor and slip the panel over them. Then
.pour concrete around the floor sills. This should be
done carefully so as not to splash concrete on the
panel devices. Care also should be taken to finish

the surface to obtain a tight joint between the floor-
and the enclosure side which will prevent entrance -

of dirt at the bottom of the panel.

" 3. I the panel is to be installed on an existing
floor, grout the 1/2-inch anchor boits in the floor
and slip the panel over them. When the panelisin-
stalled in this manner, there will be a 1 3/4-inch
gap between the floor and the sides of the panel en-
closure. This gap should be closed to prevent ac-
cumulation of dirt under the panel which eventually
may interfere with proper operation of the panel
devices.

the enclesing case bolted to the floor if the ﬂoor

MB“

When ﬂoor gills are grouted, ca.re should be taken
that the bolt- holes used to fasten the panels to the
floor sills are not filled with cement and that room
is left to run the bolt through the sill. This may be
done by putting boits through these holes and then
covering the threads with grease. The grout will
not stick to the bolt and, when the grout hardens,
the bolt may be removed.

Also, ifitisdesired, groutholes 11/2 to 2 inches
in diameter may be drilled near the anchor bolt holes.
These will provide room to pour grout and force it,
with a wire, under the whole length of the sills.

LEVELING THE PANEL

In all of the above cases, check the level position
of the sills with a machinisis level and check to see
that the surfaces of thefront and back sills are in a
level plane. This will insure that the panel will be
in a true upright position on a level surface. The
following are suggested procedures for leveling floor
sills and panels:

1. Onsingle panel installations, four anchor bolts
may be set for the anchor bolt holes on each corner
of the panel. A nui should be run down on each
anchor bolt and then the panel slipped over these
anchor bolts. By using a hand wrench on the nuts,
each corner may then be adjustedto level the panel.

2. On any Limitamp instailation, anchor bolis
may be grouted in the floor and nuts then run down
on each anchor bolt. Then, by using a transit, set

these nuts at a point 5/18 inch (the thickness of the

web on the floor sills}below the desired position for
the bottom of the enclosure. The panel may then be
slipped over the anchor bolts and it should be level.
However, if any further adjustments are required
the equipment may be raised slightly and the appro-
priate nut run up or down. Aiter the panelis finally
in position, a second mat should be run down over

. the top of the anchorbolt to lock the panelinto posi-

tion. The floor sills ean then be grouted.

WIRE AND CABLE ENTRANCE.

Provisions should be made, before the panel is
in place, for incoming and outgoing power cabie and

-control wires. In allcases, the outline diagram for

the panel should be used to determine the size and
location of the space awvailable, and the panel wiring
diagram should be cheeked for the number of wiresa
and cables to be installed. Space is provided for

S - - either top or bottom entrance of incoming conduit.
4, On single-case installations (except on out- . .
door enclosures) the floor sills may be removed and "

Holes for conduitentrance at the top should be drilled
as required. A wire trough is provided for field
and control wiring as shown in Fig. 11. Figure 11

mmm power cable entrances.

3 Vertical wire
trough for field
nnd controt wires

Fig. 11. Connection of incoming power leads to bus

e N

b )

o

1 o e b S g i e 9B R

e




Installation Instructions, IC7160 Limitamp Controllers GEH-1940

" Fuse compartment |
barrier

_Line contactor
. partiall ’r‘c_ﬁll_eﬂ out

Fig. 12. Free enirance to controller gained by rolling out
iC2812 contactor

On outdoor enclosures, it is recommended that
all cables enter from the bottom of the panel. If
cable must enter from the top, the recommended
procedure is to drill the necessary holes in the top
(according to the outline diagram) and weld in con-
duit nipples so asto prevent rain water, etc., from
entering.

CAUTION: EVERY PANEL SHOULD BE
THOROUGHLY GROUNDED,

In panels where it will be necessary to bring in
conduit and terminate power and control wiring, it
will be necessary to remove the roll-out contactor
from the individual controller (see Fig. 12). Oncom-
plex starters having more than one high-voltage con-

tactor, however, it mmy mot be necessary to remove
all such contactors. Refer to the outline and wiring
diagram to determime which sections of the lineup
will have cable terminations. (Due to the physical
arrangement and spsoe available in some sections,
it may be possible tp $erminate cables without re-
moving the contactor..})

When it is desiredtsfeed the power bus with more
than one set of cables, it may be found advantageous
to bring these sets of cables into more thanone panel,
thus eliminating bunching of cables in any single
panel. Two 500-MCMzeables per phase is the maxi-
mum recommended for connecting to the a-c power
bus in a single starter panel. Further information

Q
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is contained in these instructions under the '""Power
Cable Termination' section.

CAUTION: Power should not be applied to
the panel until the following steps have been
completed and the panel readied for opera-
tion. Since the back covers on many Limit-
amp controllers are used to support miscel-
laneous high-voltage components, this cover
should not be removed at any time unless
otherwise indicated on the gutline diagram.

REMOVAL OF CONTACTOR

If it is not necessary to remove the contactor,
steps 1.7, 12, 13, 15 and 16 of the following pro-
cedure may be omitted.

1. Remove the door lintel which separates the
center (low voltage} compartment from the roll-out
contactor compartment by locsening the two nuts
and sliding it out. To remove the base door lintel,
remove the five screws on the front and the two
screws on the roll-out contactor assembly.

2. Release the roll-out contactor assembly as
follows:

a. Remove all shipping blocks and packing ma-
terial.

b. Disconnect the wires onthe panel side of the
terminal board at thetop right hand side of the roll-
~out contactor assembly. -

¢. Unbolt the cables connected tothe front side
of the current transformers.

d. Unbolt the cables from the bottom fuse sup-
ports.

3. Disconnect any field power and/or control wir -
ing connected tothe left hand side of the hinged con-
trol panel. This panel may be swung cut after re-
moving the two nuts on the left hand side of this panel.

4. The cables which were disconnected from the
bottom of the fuse support may now be dropped over
the top of the roll-out contactor assembly and the
contactor rolled out.

NOTE: If the starter contains more than one
contactor with cross-cabling it may be nec-
essary to disconnect and remove the cables
which interconnect these two contactors. If
flexible steel cables are provided for me-
chanical interlocking between contactors, re-
move the cable from its8 terminator on the
contactor and bend it to one side to permit

10

b

the removal of the contactor. Do not dis-
connect the complete mechanical interlock-
ing mechanism onthe contactor. If the floor
sills have not been grouted, a wooden in-
clined plane 1 3/4 inches high by sixor more
inches wide and 3 feet long will be required
to lower the contactor to floor level.

5. Remove the steel bus barrier by removing the
retaining hardware.

6. Remove the metal barrier beneath the swiich
compartment by removing the two nuts on each side.
This will allow standing room for the operator to
pull in cabie.

7. After pulling in the power cable from either
the top or the bottom of the enclosure, the incom-
ing line should be connected either to the bus or the
incoming power terminals stamped L1, L2, L3, as
required. Do not energize the incoming lines at this
time.

8. Next, the motor leads shouid be connected to
the side of the current transformer marked T1, T2,
T3. (Refer to the wiring diagram.) On special
panels, the motor leads may be connected other than
described ahove. The outline and wiring diagram
will indicate the proper connection.

9. Pull the control wires through the vertical wire
trough which has been provided for running the low-
voltage control wires from the conduit to the terminal
board, and connect themtothe terminal board. Also
momnt and; connect wires to discharge resistors,
fixed-tap resistors, and other components which may
have been shipped separately. These are tagged for
use with specific panels and care should be taken to
mount them onthe panels for which they are tagged.

10. Inspectthe incoming power and motor leads to
see that they have proper clearance between live
parts and ground. Also see that the cables have not
been so grouped thata conductive dust can accumu-
late on their surface and cause a short circuit be-
tween uninsulated conneetions and/or to ground. If
the connections are satisfactory, replace the bus
barrier.

11. Examine the roll-out contactor assembly as
outlined below. (Refertoinstruction book GEH-1937
for more complete information, )

a. Carefullyinspect all partsof the contactor to
insure that the shipping supports, blocks, or ties
have been removed and that the contactor has not
been damaged in shipment. '

b. Remove any grease or oil {rom the magnet
face.

i
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c. Make surethat all partscf the contactor are
cleaned and that there is no dirt or grease on the
contact or interlock tips.

d. Contactors which have been removed should
be rolled backintothe controller. Installare chutes
on all contactors. (Seée that the chutes are inserted
in the position indicated by the decals on the chutes.)

CAUTION: Arc chutes must be in place be-
fore power is applied to the contactor. The
chutes are essential to confine and extinguish
the arcs. Without the chutes the arcs maydo
serious damage.

12. Replace the base door lintel (Fig. 8).- This

must be kept properlyin place to secure the contac-
tor and complete the enclosure.

13. With the contactor in place, reconnect the
cables to the lower terminals of the power fuses.
See that the cable clamps hold the cables away from
the surrcunding metal surfaces.

14. Connect the threelower cabies onthe contactor
to the front terminals of the current transformers.
Replace any c¢ross-cabling which was removed be-
tween contactors in the same starter. Inspect the
cable carefullyto seethat thereis proper clearance
between live parts and ground. Replace any me-
chanical interlocking cables which were removed
when the contactor was removed from the panel.

2. CLnSE B8R TH rm: Cﬂh'l"MHT
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Fag 14. Contkol-power interlock und push
rod on door

Be careful not to r.reate hinding in this cable by
kinking it or tightesing parts.in such a manner as
to restrict freedom of movement. (Refertoinstruc-
ticn book GEI-42583for more complete information. ) .

15. Swing the hinged Jase of the low-voltage com-
partment back inte place and fasten. Connect all
field and control wires. -

1% Recormett 'ﬂmaﬂrol wires from the hinged
base to the roll-osit @emtactor assembly terminal
board. .

17. It is very impmttant that the isolating switch,
control-power interiask switch, and the mechanical
door interlock functiom properly. These have been
carefully checked at the factory, but should be re-
examined to make certain that no damage has oc-
curred during shipmest and installation. To check
the proper alignment of the interlocking mechanism,
follow the procedure listed below;

a. Open all the deors.

b. Slowly close the control compartment door
and watch the mating of the switch push rod on the
door with the cutout on the front of the control-power
interlock. See Fig. 13 and 14. When these do not
align properly, it is wsually an indication that the
panel needs leveling. H some adjustment is still re-
quired, the push rod may be adjusted up or down.

¢. With the control-power interlock switch in
the "Open" position, clgse the control compartment
door.

n
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Boited
joint .

[ Door~ -
* forgetter
interlock
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Fig. 16. Close-up view of 'door;forge.ffer' interfock

odjustment

f. Handoperate the lime contactor to make sure

|

®

o e

JRETE————

that the contactor's mechmnical interlock lever is
free to operate without binding with the vertical link
on the panel sidewali. 'The vertical clearance be-
tween the contactor lever and the vertical link on

Fig. 15. View T shows mechanical door interlock as
used on basic panels containing isolaling switches. View
@ shows additional isterlocking: arrangmment med wher
ponel has one or more sections of high-voltage compo-
nents connecied to the load side of the isolating switch

d. Close thetop door. It should notbe possible
to close the isolating switch due to a "Door-For-
getter' interlock onthe doorsto compartments which
mount high-voltage components connected to the load
side of the isolating switch. (See Fig. 15 and 16.)
Push in this interlock by hand and throw the isolat-
ing switchto the "Switch Closed" position. It should
close completely with a small amount of force, in-
dicating that the vertical link is not binding in the

. guides along the enclosure wall. Next, reopen the
control compartment door and close the control-
power interlock switch. It should operate freely,
indicating that the bolt is engaging in the right posi-
tion with the vertical link on the panel sidewall.

e. Attempt to open the isolating switch and ob-
serve the isolating switch blades by looking up
through the control compartment. A flashlight is
desirable for this observation. The switch blades
should not move more than four or five degrees
from the fully closed position. Return the switch to
the fully closed position. )

12

Fig. 17. View shows vertical rod, on right, mechanically
connected lo gang-operated isolaling switch; interference
interlock prevents vertical rod from being lowered when
the contacior is energized. To check freedom of mave-
ment of contactor interlock, move horizontal orm to
right with one finger ot point of arrow. little force
should be required and oction should be smooth and
positive

2
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Fig. 18. Contactor mechanical inferlack
adjusiment

the panel sidewall should be 1/16 inch. See Fig.
17 and 18.

“& g. Blsgk fhe lineomiacion

tion, open the control-power interlock and close the
center door. Again try to openthe isolating switch.
The blades should not move more than four or five
degrees.

h. Unblock the contactor, throw the isolating
switch to the "Switch Open" position, and then open
all doors. }

18. Replacethe perforated fuse compartment bar-
rier. Replace thedoor lintel betweenthe low-voltage
control compartment and the roll-out contactor as-
sembly.

19. Insert Type EJ-2 power fuses in the top com-
partment after firstchecking the fuse size and cata-
log number stamped on the end of the fuse with the
fuse size and catalog number given on the nameplate
on the inside of the fuse compartment to see that
they agree. Install the fuses with the red "Blown
Fuse" indicator on the bottom. High-voltage fuse
tongs should beused for insertionor pulling of fuses.
Also insert the Type EJ-1 control-power transfor-
mer fuses in the clips provided onthe roll-out con-
tactor assembly. Check to see that all fuses are
tightly inserted.

Check the nameplate rating of the load controlled
1o be surethat itagreeswith thatgiven onthe Limit-.-

amp panel nameplate {see Fig. 12). The starter is.-

designed for use witha specific machine, and should
not be used on machines with different character-
istics.

Controller components boxed and/or shipped sep-
arately include power fuses, field resistors, line
contactor arc chutes, and various components ar-
ranged for mounting on top of the panel. Itis im=-
portant that these componentsare not interchanged.
Each componént is tagged for usewitha certain con- '

trol panel; they are referenced to catalog numbers, -

and should be carefully checked to assure proper
installation. :

POWER: CABLE TERMINATION

In any instailati‘on, the ¢able should be prepared

for termination in accordance with the instructions

of the cable manufacturer. However, some general
recommendations for proper cable termination in
Limitamp equipment are given below. o

1. Pull in thecables im sccordance with the panel
outline diagram and position them for maximum
clearance between phases, ground and other cable
or wire runs. Refer to Fig. 19 for recomnmended
location of incoming cables in a standard Limitamp
controller. ;

- 2. -Pre;are the cabie fior termination in accord-

ﬁnmﬂ,%gnm:tnrer’s instructions.

© 3. Bolt the cable termminals to the bus or other
point of termination. . o

4. If contact betweem cable and an adjacent bus
cannot be avoided, as may be the case with the two
500-MCM cables per phase, tape the bus in the im-
mediate vicinity of the calble contact point so that the
surface creepage distance from the cable to the bare
bus bar is at least three iinches. Thus, the surface
creepage from the bare mus, where thecable termi-
nates, to the bare part of the bus, where the cable
touches, will be atleast sseveninches. The thickness
oftape onthe bus should twe approximately 10/64 inch.
General Electric No. 8380 tape is recommended for
most of the buildup, and Scotch* Brand No. 33 tape
over-all.

5. Where more than ttwo 500-MCM cables per
phase are required, thew :should be brought into dif-
ferent sections, or an imcoming line compartment
must be provided.

* Reg. Trade-mark of Minnesssta Mining and Manufacturing
Company,
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Fig. 19. Recommended location of incoming power and motor cables and field and control wiring in a stand-
ard Limitomp unit. Power cabling shown is shielded cable. Cross-haiched areas mre occupied and allow no
room for cable entrance. Refer to the outline diagram of each contralller for details

6. Run all the low-voltage wires through the
panel's grounded wire trough so asto avoid any pos-
sible contact with high-voltage lines.

TERMINATION OF LEAD-COVERED CABLE

Termination of lead-covered cable requires the
use of potheads (see Fig. 20). The pothead manu-
facturer's instructions should be followed in termi-

14

nating the cable at the mothead. Standard Limitamp
starters have space for locating one pothead of the
pull-through type whieh accommodates up to and
including 2/0, three-cmnductor, 5,000-volt cable.
In this type of potheadl the three conductors of the
cable are fanned out wwithin the pothead and pass
completely through it with the pothead sealing and
terminating the lead cwvering. For larger cables,
potheads with terminating bushings are required. In
this case, or when more than one pull-through type
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" Fig. 20. Termination of cable in potheads

is required, special cable entrance compartments
are available to provide adequate working room to
prepare the pothead cable terminations.

Through-type potheads are satisfactory for var-
nished cambric cable indoors. Paper cables are
more hygroscopic and since the only thing protecting
the individual conductors from moisture is tape on
the surface, high humidity might cause difficulty.
Terminal-type potheads would not present this pos-
sibility.

POTHEAD-CABLE TERMINATIONS

The instructions for terminating lead-covered
cable by using potheads apply aswell tothose termi-
nations of other types of cable where potheads may
be desired.

X Terminal
=

W

Pothead bedy

LLERVRTRATARARRARANAL

Wiping stesve or stuffing box

p————Logd cable

MWL STYRE PUVHE AL

TERMINATION OF NON-SHIELDED,
NON-LEAD-COVERED CABILE

This cable is generally run through rigid conduit
or cable racewaysand brought intothe enclosure by
use of conventional cabie clamps and conduit fittings.
Refer to Fig. 21 and 22 for terminating details.

TERMINATION OF INTERLOCKED-ARMOR
CABLE -

Interlecked-armor cable is terminated by means
of specially designed eable fittings. These termi-
nators consist generaliy of mounting bracket, armor
clamp, supporting base and bushing, with various
modifications availablefor special types of sealing.

Interlocked-Armor, Non-Shielded Cable:

RUBBER COVERED - Refer to Fig. 23 for gen-
eral information concerning termination. For de-
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:Coble tug

Scotch braond’
No. 33 tape

G-E No. 8380

Scotch brand
No. 33 tape

ZCn::ble insulation -

splice tape

Fig. 21. Termination of rubber-insviated, non-shielded, non-lead-
covered, 500J-volt cable :

tails, refer to Fig. 21. Note that rubber-covered
cable requires only taping near theterminal and not
back to the terminator fitting. However, if there is
a possibility of oil coming incontact with the rubber
insulation, it would be well to use a layer of Scotch
Brand No. 33 tape all the way back to the termi-
nator fitting.

VARNISHED CAMBRIC - Refer to Fig. 23 for
general information concerning termination.. For
details, refer to Fig. 22,

Note that varnished-

‘cambric cable requires taping back tothe terminator

fitting since the individual conductors or "singles"
have no braid. - i '

Interlocked-Armor, Shielded Cable: ‘ .

* Interlocked-armor, rubber-covered, and var-
nished-cambric insulated cables are rarely shielded
at ratings of & kv and below. If they should be, pro-
ceed to terminate as detailed for other types of
shielded cables.

Scotch brand
No. 33 tape

6'

. N “: i v ;". ---------- -
il
1 1\
} -L——--u—-"-----—---—-—- L -
i ST e e =
[Co ble inner

-Cabie tape

| —udEnd seal I_._ insulation

1. Cut cable to proper length leaving conductor -

sufficiently long to extend into the terminal lug.

2. Remove braid, tape, and inner insulation and
expose the conductor end for a distance of one inch
plus the length of conductor to go into the terminal
lvg.

3. Attach terminal to conducter.
4. Taper the insulation as shown.

5. Remove the braid and tape, if any, six inches
from the lug, exposing the insulation. Leave one-half

Fig. 22.

Termination of varnished-cambric-insulated,

inch of original cabie tape extending beyond the cut-
back braid.

6. Apply the end seat using Scotch Brand No. 33
electrical tape. Obtain a smooth wrapping but do not
stretch tape more than necessary.

7. Bind down end of braid and tape, if any, with
Scotch Brand tape as shown on drawing.

" 8. Apply two layers half-lap of Scotch Brand tape
over-all from lug to exposed braid.

non-shielded,

non-lead-covered, 5000-volt cable
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Copper lug
7] G~E No. 8380 tape
g::;l:og'r;nd-—-— insida for rubber or
N©.992 VC tape for varnished

No.33 tope . | cambric is recommended.

l | Atternate: Build entire end
i . 3 seal with Scoich Brand No.
Note: i :{ 33 tape.
For details of and  g"min ]
seol sea Fig.2| for - H
rubber cable and l H
Fig.22 tor varnished .
* gambric cable. I 1]
l u
] Fill with sealing
T compound
Cable
terminator
fitting

Fig. 23. Termination of interlocked-armor, non-
shielded, 5000-voit cable

TERMINATION OF SHIELDED CABLE

It is recommended that when shielded cable is
used, "stress relief conesg" be built up at the cable
terminations. This will relievethe electrical stress
which occurs in the area around the termination of
the ground shiedc Whenever pasibile, %he conlult
should be brought in through the bottom. With bot-
tom entrance, a maximum of two 500-MCM cables
per phase may be terminated in one full-voltage
starter section. Only one 500-MCMcable per phase
may beterminated in one full-voltage section, how-
ever, whenthe entranceis fromthe top. When mak-
ing shielded cable terminations to Limitamp, the
following procedure is recommended:

1. At a point at least 10 inches from the nearest
bus-bar or otherterminal point, but as close as pos-
sible to the conduit, mark each cable. —

2. Removeall shielding from theterminal end to
this point, leaving sufficient ground strip to reach
the nearest ground connection.

3. Proceedtobuild stress cones as prescribed by
the cable manufacturer. Refer to Fig. 24 and 25 for
details.

4. Tie all the ground strips together andfasten
them to a ground connection,

P1-—Copper lug
e..". @ 1
] For detoils of
™1 5"min  stress cone -
= | and end seal
‘ | refer to Fig25.
! |
[
l 1 Stress cone
Coppaer shielding " .
braid - grounded =
10 structure or )
armor. ) 2"
Fill with -
sealing compound *
ingulating bushing n l
1 ?Elg /:Lock nut
Struet
" ~—Cable terminater
fitting
Cable armor.

Fig. 24. Terminolon of interlocked-armor, shielded,
5000-volt cable

G-E No. 8380 tape inside for rubber or

Mo 992 VC tope for varnished combric

is recommanded, Aiterngte: Build entire

nd seol with Scotch Brond No.33 tape.

Cable insutation

G-E No. 8380 tape

No. 19 AWG
tinned ¢opper wire

Scofch Brand
No. 33 tape

Shielding tape
G-E NQ, B380 tape

Scotch Brand
No. 33 tape

Fig. 25.

Terminatiosn of shielded, 5000.volt cable,
showing sivess cone construction
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Fig. 26.

1fthe above recommendations, along with thecable
manufacturer's recommendations, are followed, the
cable terminations should be satisfactory and re-
liable. These instructions apply to both rubber-
covered and varnished-cambric insulated shielded
cahles.

TERMINATION OF CABLE THROUGH
WINDOW-TYPE CURRENT TRANSFORMERS

window- or 'doughnut”-type current transfor-
mers are frequently used for metering purposes.
In some instances, a window-type current transfor-
mer is installed to give instantaneous ground fault
protection. The foliowing precautionsare to be ob-
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ONE THREE-CONDUCTOR
NON- SHIELDED CABLE

Terminating and stress cone end

-

o
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ONE THﬁEE‘CONDUCTOR
" SHIELDED CABLE

Installation of cable through window-type current transformers

served whenusing suchcarrent transformers (refer
to Fig. 26).

1. Cables of all thuee phases should be passed
through the current tramsformer window.

2. 1f shielded cablke is used, all three shielded
conductors are passedl through the current trans-

former. The requiremsents of proper shielding and

ground relaying are mat by connecting the three
shielding tapes together.st the point wherethe stress
cone termination is made; but then DO NOT ground
the tapes at that point. Grounding of the shielding
tape must be accomplished by abraided copper tape
connected to the comman point of the cable shielding

7
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tapes, and then passed back through the current
transformer window and grounded at some conven-
ientlocation. '

3. K lead cable is used and carried through the
window, it should be grounded by a braid passed
through the current transformer window in the re-
verse direction.

4. If the current transformer comes withthe con-’
trol panel and has cables already installed, and if it
should become necessary to remove the cable for
any reason, such as rolling out the contactors, the
cables should be replaced exactly as originally in-
stalled.

PREPARATION OF PANEL FOR
OPERATION

Once the panel is in place and the cable termi-
nated, clean the inside with a brush, soft cloth, or
dry compressed air. Make certain that any dirt,
dust or bits of packing material, which may inter-
fere with successful operation of the panel devices,
are removed from the panel. Care should be taken
during the cleaning operation to prevent any dirt
from being blown into the inaccessible spaces of the
devices.

Before the panelcan beoperated, even for a try-
out without power, all devices must beplacedin full
operating condition. The armatures of many of the
relays and contactors, including the high-voltage
contactors, have been tied or blocked to prevent

sismagesh ringyshigueet. Aol thameticsandblocms.

I

P

3

_ should be removed. Also check to insure that no

tools or loose wires have been left within the panel
during installation.

The seating surfaces of unplated and laminated

a-c contactor and relay magnets, as well as the end
of shafts, are coated with a heavy grease rust pre-

-ventative. Before operating the panel, the rust pre-

ventative should be wiped off and the magnet seating

surfaces coated with a thin film of light machine oil.

Operate each device by hand to seethat the mov-
ing parts operate freely and without binding. Make
sure that all electrical contact tips are clean, free
of grease and dirt, and make a good contact when
closed. The relay and contactors are carefully ad-
justed at the factory, but should an adjustment of

" these devices be necessary, these adjustments are

expiained in the individual instructions for each
device.

After all connections have been properly made,
all parts properly assembled, and all components
thoroughly inspected and adjusted, power may be
applied to the panel.

RENEWAL PARTS

When ordering renewal parts, address the near-
est General Electric Company apparatus sales of-
fice, specify the quantity required, and give the
catalog number or describe the required parts in
detail. Give the complete nameplate rating of the
eguipment. . o,
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